The brine shrimp, Artemia, reproduces either oviparously, producing encysted embryos (diapause cysts), or ovoviviparously, producing free-swimming nauplii. Environmental factors, such as photoperiod, have been applied to control the reproduction mode of Artemia, but when the determination of a reproductive mode occurs remains unknown. We analysed the differential gene expression between oocytes from oviparous and ovoviviparous Artemia reared under different photoperiods. A total of 692 qualified cDNA clones were obtained by subtractive hybridization, 327 of which matched GenBank ® Nucleotide Sequence Database entries. Gene expressions of 44 cDNAs (representing 56 clones) were analysed in oocytes using real-time PCR. Among these genes, 11 (21 clones) were significantly (P < 0.05) upregulated and 7 (9 clones) down-regulated in Artemia oocytes that subsequently enter diapause. Remarkably, known diapause-related proteins such as ArHsp22 (Artemia heat-shock protein 22) and chitin-binding proteins are found to be already differentially expressed. Furthermore, RNAi (RNA interference) knockdown of a differentially expressed gene, polo-like kinase 1, in oocyte of ovoviviparous Artemia led to the production of white embryos rather than free-swimming nauplii. In summary, our results provide evidence at the molecular level that the reproductive mode of Artemia is already determined at the oocyte stage of their life cycle.
INTRODUCTION
Artemia, a branchiopod crustacean commonly known as the brine shrimp, can withstand the widest salinity range of any known metazoan. The genus Artemia contains quite a number of bisexual and asexual (parthenogenetic) species. Development of embryos of both bisexual and asexual Artemia follows two reproductive modes: oviparity with production of diapause cysts and ovoviviparity with release of free-swimming nauplii [1] .
The cysts, which are arrested at the late gastrula stage, are capable of resisting a wide variety of extraordinary environmental stresses, including natural cycles of hydration/desiccation, extreme heat or cold treatment (as reviewed in [2] ), and years of continuous anoxia [3] . Several factors or molecules are reported to be characteristic of diapause cysts and are critical for their stress 
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tolerance, including the chitinous shell, the disaccharide trehalose [3] , the sHSPs (small heat-shock proteins) p26, ArHsp21 (Artemia heat-shock protein 21) and ArHsp22 [4] [5] [6] , and the ferritin homologue artemin [7, 8] . Among them, expressions of the sHSPs and artemin increase only in diapause-destined embryos and decrease during post-diapause development [5, 6, 8, 9] . In addition, a previous study of embryos at 2 days post-fertilization revealed a transcription cofactor, p8, which is also specifically enriched in diapause-destined embryos [4] . However, the transcriptional regulation of these genes has not been elucidated [10] .
Another important question is: when does the determination of reproductive mode occur? The mode of reproduction was found to be greatly affected by photoperiod, with oviparity dominating during shorter days [11] . It has been suggested that the reproductive mode of Artemia franciscana may be determined early www.bioscirep.org / Volume 31 (1) / Pages [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] in oocytes before fertilization, when the shell glands are already morphologically different [1] . However, no molecular evidence has been reported for the determination of reproductive mode at such an early stage. Gene expression analysis early in this developmental process is therefore a high priority for further analysis of this issue.
To investigate whether the reproductive mode is determined at the oocyte stage and to study the molecular mechanism that determines reproductive mode, we cultured Artemia parthenogenetica (Gahai Lake, China) under different LD (light/dark cycles), which allowed them to reproduce differently. Oocytes from Artemia cultured under different photoperiods were isolated and the differentially expressed genes were cloned by a novel subtractive hybridization method called DNSH [DSN (duplex-specific nuclease)-mediated normalization and subtractive hybridization]. Many genes, including several known diapause-specific genes (e.g. ArHsp22 and chitin-binding proteins), were found to be differentially expressed at the oocyte stage. The results suggest that development modes of Artemia embryos may be predestined in oocytes.
MATERIALS AND METHODS

Artemia culture and manipulation
A. parthenogenetica from Gahai Lake, China, were a gift from Liu Fengqi (College of Life Sciences, Nankai University, Tianjin, China). Specimens were maintained at room temperature (25
• C) in 50-80 g/l artificial sea water prepared by Blue Starfish (Zhejiang Blue Starfish Salt Products, Hangzhou, China) and fed once every 2 days with Chlorella powder. For sample collection and manipulation, Artemia were cultured in LD 4:20 and LD 16:8 at 25
• C with an illumination intensity of approx. 2000 lx to allow most of them to reproduce oviparously and ovoviviparously (L. Fengqi, personal communication) respectively. The morphology of Artemia shell glands was used to differentiate oviparity and ovoviviparity as described by Liang and MacRae [1] . Oocytes tended to burst in fresh water, PBS or artificial sea water; to avoid this problem, adult females with oocyte-filled lateral pouches were fixed in 75% (v/v) ethanol in PBS for approx. 4 h at 4
• C and then stored at -20
• C until dissection. The lateral pouches from Artemia were dissected by needles under a microscope and oocytes were collected using a 200 μl pipette. After draining the excess ethanol, oocytes were stored at -80
• C until RNA extraction. Total RNA was isolated by TRIzol ® (Invitrogen).
The DNSH method
The schematic procedure of the DNSH is presented in Figure 1 . The first-strand cDNA was synthesized by a modified template-switching method [12] . In brief, 2 μg of total RNA was mixed with 4 μl of MMLV (Moloney-murine-leukaemia virus) reverse transcriptase 5 × reaction buffer (Promega), 2 μl
Figure 1 Strategy of DNSH
Starting with a small amount of total RNA, samples were amplified by a template-switching cDNA synthesis and the step-out PCR method [12, 15] . SP6 and T7 RNA polymerases are then used to generate sufficient tester and driver RNA respectively. After a secondary reverse transcription, tester RNA-cDNA complexes are mixed with excess driver RNA and subjected to denaturation and re-association. When cDNAs in duplex form are cut by a phage, only normalized single-stranded cDNAs can be exponentially amplified by PCR.
Table 1 Oligonucleotides (10 μM)
The sequence of T7 promoter is shown in boldface.
Oligonucleotide
Sequence (5 -3 )
TsOligo-p GTAATACGACTCACTATAGGGGG-p (Table 1) , 2 μl of Tspa (Table 1) , 4 μl of betaine (2.5 M) and trehalose (1 M) solution, 0.5 μl of RNase inhibitor (40 units/μl; TaKaRa) and 2 μl of MMLV reverse transcriptase (H-) point mutation (200 units/μl; Promega) in a total volume of 20 μl. The mixture was incubated at 42
• C for 1 h, followed by 45
• C for 0.5 h. The enzyme was inactivated by adding 1.5 μl of 100 mM EDTA and incubation at 70
• C for 15 min. The firststrand cDNA was then purified using the AxyPrep PCR Clean-up kit (Axygen) and eluted using 80 μl of elution buffer provided by the kit.
The double-stranded cDNA from each sample was synthesized by PCR in a total volume of 3 × 100 μl. Each 100 μl PCR mixture consisted of 10 μl of 10 × TLA buffer [500 mM Tris (pH 9.2), 200 mM (NH 4 ) 2 SO 4 and 7.5 mM MgCl 2 ], 4 μl of 5 mM dNTPs (containing 20 mM MgCl 2 ), 2 μl of primers SP6T7 and 3 ap (Table 1 ), 4 μl of purified first-strand cDNA and 4 units of Taq+Pfu DNA polymerase (Sangon; Taq was mixed with Pfu in a ratio of 100:3). The PCR programme was 94
• C for 1 min, 24 cycles at 94
• C for 30 s, 60
• C for 30 s, 68
• C for 6 min and finally 68
• C for 10 min. The PCR products were purified using the AxyPrep PCR Clean-up kit.
Double-stranded cDNA from diapause-destined oocytes was subjected to transcription by SP6 RNA polymerase (Promega). To generate sufficient RNA driver, double-stranded cDNA from nauplii-destined oocytes was subjected to transcription by the RiboMAX TM Large Scale RNA Production System-T7 (Promega). Briefly, each 0.5 μg of double-stranded cDNA was used for in vitro transcription in a total volume of 10 μl for 4 h, followed by treatment with 0.5 unit of DNase I for 20 min. After acid phenol/chloroform extraction and ethanol precipitation, the RNA pellet was dissolved in 10 μl of DEPC (diethyl pyrocarbonate)-treated water. To generate the tester RNA-DNA complexes, 0.5 μg of SP6 transcribed RNA was mixed with 2 μl of MMLV reverse transcriptase 5 × reaction buffer (Promega), 1 μl of 10 mM dNTPs, 1 μl of T7oligodT (Table 1) , 2 μl of betaine (2.5 M) and trehalose (1 M) solution, 0.25 μl of RNase inhibitor (TaKaRa), and 0.75 μl of MMLV reverse transcriptase (H-) point mutation (Promega) in a total volume of 10 μl. The reaction was conducted at 42
• C for 1 h and 45
• C for 0.5 h. The enzyme was heat-inactivated at 70
• C for 15 min after adding 1 μl of 100 mM EDTA.
For DSN-mediated normalization [13] and subtractive hybridization (DNSH), 2 μl of tester RNA-DNA complex was mixed with 1 μl of 10 × hyb buffer (0.25 M Tris, 5 M NaCl and 0.1 mM EDTA, pH 8.0), 2 μl of DMSO, 1 μl of 2 M trehalose and 4 μl of driver RNA (approx. 150 times excess). The hybridization was conducted at 55
• C overnight (>16 h) after denaturizing at 88
• C for 1.5 min. The hybridization mixture was then transferred to a tube containing 2 μl of 10 × DSN buffer (0.5 M Tris, 70 mM MgCl 2 and 10 mM dithiothreitol, pH 8.0), 2 μl of 2 M trehalose, and 0.2 unit of DSN (Evrogen) in a total volume of 10 μl that was preheated to 65
• C. The mixture was incubated at 65
• C for 30 min to allow the cDNA in the DNA-RNA hybrids to be cut, as DSN specifically digests the duplex form DNA [13, 14] . Finally, 1.5 μl of 100 mM EDTA and 20 μl of water were added to the mixture to stop the reaction at 68
• C for 10 min. Three rounds of PCR were used to amplify the subtracted cDNA. The PCR-suppression effect [12] was used throughout the procedures to overcome the short-molecule biased amplification. The PCR conditions were similar to those of the doublestranded cDNA synthesis. A total volume of 100 μl was used for each PCR: (a) the primary PCR ran for 30 cycles using 2 μl of subtracted product as the template and 1 μl of SOI and 2 μl of PI (Table 1) as primers (step-out PCR [15] ); (b) the secondary PCR ran for 30 cycles using 0.4 μl of the primary PCR product as the template and 4 μl of PI as the primer; and (c) the tertiary PCR ran for 25 cycles using 0.4 μl of the secondary PCR product as the template and 1.6 μl of SalT7P (Table 1) as the primer. After purification using the AxyPrep PCR Clean-up kit, 1 μg of the tertiary PCR products was digested with SalI (TaKaRa). Fragments >500 bp were purified using the AxyPrep DNA Gel Extraction kit (Axygen), ligated with SalI and CIAP (calf intestinal alkaline phosphatase; TaKaRa)-treated PUC19 plasmid and transformed into TSS-treated [16, 17] TOP10 Escherichia coli (Invitrogen).
Identification of differentially expressed genes from oocytes in oviducts of Artemia
Transformed bacteria were plated together with 20 μl of 20 mg/ml X-Gal (5-bromo-4-chloroindol-3-yl β-D-galactopyranoside) on LB (Luria-Bertani) agar containing 100 μg/ml ampicillin. In all, 768 white colonies were inoculated into 96-well PCR plates filled with 100 μl of LB+ampicillin. After being shaken overnight at moderate speed at 37
• C, 50 μl of 50% (v/v) glycerol in LB was added to each well and the plate was stored at -80
• C. The insert cDNAs were sequenced by vector primer M13F at ZEHENGBIO (Shanghai, China). After removal of adaptor and vector sequences, the sequence data were imported into SeqMan of Lasergene software (DNASTAR) and assembled into contiguous sequences. Blastn (megablast) and Blastx were performed against the database of the nucleotide collection (nr/nt) and nonredundant protein sequences (nr) of GenBank ® respectively. Sequences matching the GenBank ® database (e-value <0.0001) were categorized using COGs (clusters of orthologous groups of proteins) at http://www.ncbi.nlm.nih.gov/COG/.
Quantitative real-time RT-PCR (reverse transcription-PCR) was used to further test the expression levels of 44 selected genes. Total RNAs from oocytes of diapause-and nauplius-destined Artemia were treated with 1 unit of DNase I (Promega) at 37
• C for 15 min to remove trace amounts of genomic DNA. Followed by standard phenol/chloroform extraction and ethanol precipitation, 5 μg of total RNA was reverse transcribed in a total volume of 40 μl using the oligo-dT primer from the PrimeScript TM 1st Strand cDNA Synthesis kit (TaKaRa). The first-strand cDNA was diluted by adding 360 μl of sterile water. Real-time PCR was performed with Miniopticon PTC-0148 (Bio-Rad) using a programme of 95
• C for 15 s, followed by 40 cycles of 95 • C for 10 s, 56
• C for 10 s, 72
• C for 10 s plus plate read and 78
• C for 3 s plus plate read. The 20 μl of reaction mixture contained 1 μl of the diluted cDNA or inserts containing plasmids as the template, 0.4 μM of each primer (see Supplementary Table S1 at http://www.bioscirep.org/bsr/031/bsr0310017add.htm) and 10 μl of SYBR ® Premix Ex Taq TM II (TaKaRa). After normalization by α-tubulin, the expression levels of each gene were subjected to Student's t test analysis. 
RNAi (RNA interference)
Because cDNAs were flanked by T7 promoter sequences during the DNSH procedures, dsRNA (double-stranded RNA) could be easily produced for the RNAi assay. For this purpose, plasmids containing genes of interest were isolated and transformed into competent E. coli HT115 (DE3). Transformed HT115 (DE3) was inoculated into LB broth with 50 μg/ml ampicillin and 10 μg/ml tetracycline and incubated at 37 • C. When the culture reached D 600 (attenuance at 600 nm) 0.4, IPTG was added to a final concentration of 0.4 mM to induce dsRNA production for >4 h. The cells were collected by centrifugation and total RNA was extracted by TRIzol ® (Invitrogen). Total RNA was dissolved in RNase buffer (10 mM Tris/HCl, 0.5 M NaCl and 10 mM MgCl 2 , pH 8.0), heated at 80
• C for 5 min, cooled slowly to 37
• C and treated with 0.1 mg/ml RNase A and 10 units/ml DNase I for 30 min to remove single-stranded RNA and trace amounts of DNA. The dsRNA was then purified by standard phenol/chloroform extraction and ethanol precipitation. Control dsRNA was isolated from HT115 (DE3) with the plasmid PETT7 [18] as described above. RNAi was performed by microinjection of 100 ng of dsRNA into Artemia at the instar XII stage using the UltraMicroPump II equipped with the Micro4 TM MicroSyringe pump controller.
RESULTS AND DISCUSSION
Artemia has attracted much attention because of its ability to switch from producing free-swimming nauplii to producing encysted embryos when subjected to harsh environmental conditions. Recently, Qiu et al. [4] analysed the gene expression of A. franciscana embryos at 2 days post-fertilization and found that many genes were differentially expressed between diapauseand nauplii-destined embryos [4] . A model involving multiple factors for initiating and maintaining diapause of Artemia embryos was proposed in [4] . However, when the reproductive mode of Artemia was determined remains unknown. Identification of differentially expressed genes at an earlier stage, such as in oocytes, would improve the understanding of the molecular changes that characterize diapause development in Artemia. In our present study of A. parthenogenetica, we found that many genes with different functions were differentially expressed between oocytes from oviparous and ovoviviparous Artemia. Moreover, knockdown of the expression of a PLK1 (polo-like kinase 1) led the ovoviviparous Artemia to produce eggs rather than nauplii.
Oviparous and ovoviviparous development of A. parthenogenetica
Embryos of A. parthenogenetica undergo either oviparous or ovoviviparous development ( Figure 2 ) in a manner similar to that of A. franciscana [1] . The reproductive mode that is followed by oocytes can be identified microscopically, initially by the morphology of shell glands (Figures 2a-2c and 2a -2c ) and later by the morphology of embryos (Figures 2d-2e and 2d -2e ). Brown shell glands indicate oviparous development (Figures 2a-2c) , whereas white or colourless shell glands indicate ovoviviparous development (Figures 2a -2c ).
The DNSH method
Although the classical two-step hybridization method called suppression subtractive hybridization [19] and its derivatives such as DSN-mediated transcriptome subtraction [20] , and full-length normalization subtractive hybridization [21] are efficient in enrichment of highly abundant target cDNA, they are suspected to result in low representation of rare target cDNA [22] . To investigate the differential gene expression at the oocyte stage of Artemia following different reproductive modes, we established a novel method called DNSH (Figure 1 ). DSN exhibits maximal activity at 65
• C and specifically cleaves DNA in duplex form (either DNA-DNA or DNA-RNA), but not RNA or single-stranded DNA [13, 14, 23, 24] . To avoid loss of transcripts due to the formation of secondary structure, we added betaine, trehalose and DMSO into the hybridization and DSN reaction mixture. These materials decreased the 'melting' temperature of double-stranded nucleic acids [25, 26] Figure S3 at http://www.bioscirep.org/ bsr/031/bsr0310017add.htm). This indicated that cDNA of low-abundant differentially expressed genes can be efficiently obtained by DNSH.
Identification of cDNAs obtained from diapause-destined Artemia oocytes
Using the DSNH method, 768 colonies were randomly chosen and subjected to sequencing. Among them, 42 were of poor quality and 34 contained vector alone or small inserts (<50 bp) and thus were excluded. The cDNAs from the remaining 692 colonies (GenBank ® accession numbers GH635209-GH635900) were assembled into 600 contigs, most of which were singletons (529) and duplicates (57) (see Supplementary Figure S4 at http://www.bioscirep.org/bsr/031/bsr0310017add.htm), indicating the high efficiency of normalization and subtraction of DNSH. Due to the limitations of the knowledge of the Artemia and any other crustacean genome and expressed sequence tags, Blastn searches of the 692 cDNAs identified only 47 cDNAs including 1 snRNA, and Blastx searches identified 327 cDNAs. The 327 protein-encoding cDNAs were then divided into the following four functional categories: metabolism, information storage and processing, cellular processes and signalling, and poorly characterized protein (see Supplementary Table  S3 at http://www.bioscirep.org/bsr/031/bsr0310017add.htm and Table 2 ) using COGs. More detailed information about the 327 cDNAs is listed in Supplementary Table S3 .
As the diapause cysts of Artemia have the characteristics of stress resistance and cell cycle arrest, genes that may contribute to the characteristics of diapause cysts and several other genes were selected and subjected to quantitative real-time RT-PCR analysis. Among the 44 individual tested genes (representing 56 clones), 11 genes (21 clones) were significantly up-regulated (P < 0.05) and 7 genes (9 clones) were down-regulated (P < 0.05) in diapause-destined Artemia oocytes (Table 3 and Supplementary Table S3 ). The mRNA levels of these genes were quite different. The chitin-binding protein (clone 1E4) was most abundantly expressed compared with the other tested genes, and its expression level was approx. 15 000 times that of nonsense-mediated mRNA decay protein 1 (clone 4H8). Most of the 44 genes were tested to be expressed in low abundance ( Table 3 ). The result that 18 of them were confirmed to be differentially expressed between the diapause-and nauplius-destined oocytes demonstrated that our DNSH method is highly efficient.
Reproductive mode-regulated gene expression in Artemia oocytes
We used DNSH to study the differential transcript profiles in A. parthenogenetica diapause-destined oocytes relative to nauplii-destined oocytes at the filled oviduct stage. We found that many genes whose products commonly regulate metabolism, growth, transcription and stress tolerance were already differentially expressed between diapause-and nauplii-destined oocytes. Some of these genes are discussed below; more information is listed in Table 3 and Supplementary Figure S5 (at http://www.bioscirep.org/bsr/031/bsr0310017add.htm).
Chitin-binding proteins
Chitin-binding proteins play an important role in the formation of the chitinous shell of diapause cysts. The chitinous shell, which is tough and impermeable to non-volatile solutes, protects the cysts from harsh conditions [27] . Five chitin-binding protein encoding cDNAs (representing 14 clones) were isolated in our subtracted library. cDNA clone 1E4 isolated in the present study is identical with a chitin-binding protein (GenBank ® accession no. DW678201) isolated from A. franciscana embryos at 2 days post-fertilization [4] , whereas clones 6G10 and 8D4 are more similar to another chitin-binding protein (GenBank ® accession no. DW678180). Two tested cDNAs (clones 1E4 and 5E3) were up-regulated in diapause-destined oocytes. Our results provide evidence that those genes have already been upregulated in diapause-destined oocytes, indicating that those proteins are critical for diapause cyst formation. However, why so many types of chitin-binding proteins are transcribed at such an early oocyte stage and how they are involved in the formation of the chitinous shell of Artemia cysts remain unknown. Additional work is required to elucidate how the diapause embryos are encysted.
Major facilitator families
Two metabolic genes, sugar efflux permease (clone 1A10) and trehalose transporter (clone 7A8), were tested. The former was not significantly up-regulated, whereas the latter was significantly down-regulated (P = 0.003) in diapause-destined oocytes (Table 3) . Trehalose, which constitutes approx. 15% of the dry weight of cysts [3] , can either alone or synergistically with p26 stabilize cells during dehydration and rehydration [28] [29] [30] . It was showed that trehalose transporter from the insect, Polypedilum vanderplanki, can transport trehalose across the cell membrane bidirectionally to balance the trehalose concentration [31] . Taking into account that trehalose plays an important role in the survival of diapause embryos of Artemia, the down-regulated expression of trehalose transporter indicates that trehalose is unlikely to be transported from females to her egg. Thus the accumulation of trehalose in cysts must be made by the egg itself. This premise is supported by the discovery that trehalose synthesis begins in diapause-destined embryos but not in nauplii-destined embryos of A. franciscana at approx. 2 days after fertilization (reviewed in [2] ).
Molecular chaperones
Expressions of p26, ArHsp21, ArHsp22 and artemin were previously reported to increase at 2 days post-fertilization in A. franciscana [1, 5, 6, 8] . Although we did not obtain a p26 clone from our subtracted library, we have identified the ArHsp22 and artemin encoding cDNAs therein. In contrast with the expression pattern in A. franciscana [6] , ArHsp22 was highly expressed in diapause-destined oocytes of A. parthenogenetica (Table 3) . This suggests that ArHsp22 may not only enhance the cysts' stress resistance, but also function in oocyte or embryo development. The mRNA level of artemin in diapausedestined oocytes of A. parthenogenetica was very low, although it was up-regulated in nauplii-destined oocytes for unknown reasons.
Cell cycle control proteins
Proteins that play important roles in regulation of cell growth, such as dedicator of cytokinesis (clone 1E5), kekkon1 (clone 6F2) and PLK1 (clone 3E8), are significantly differentially expressed in Artemia (Table 3 ). The former two were up-regulated in diapause-destined oocytes, while the latter one was downregulated. Dedicator of cytokinesis family proteins regulates migration, morphology, adhesion and growth of cells, whereas deficiency of dedicator of cytokinesis may lead to carcinogenesis [32] .
Transcription factor
The transcription factor, HAP2 (haem-activated protein 2; clone 8H1), was significantly up-regulated in diapause-destined oocytes of Artemia (P = 0.002). HAP2 is a subunit of the heterotrimeric CCAAT-binding complex. The CCAAT-binding complex is conserved in eukaryotic organisms such as fungi, plants and animals [35] . It is essential to mitochondrial functions, and its activity was decreased under anoxia in yeast [36] . The CCAATbinding transcription factor has been shown to rescue yeast and human cells from a cytochrome c oxidase defect [37] . In addition to the sHSPs and trehalose, the up-regulation of HAP2 in diapause-destined oocytes may also contribute to the survival of diapause cysts under years of anoxia.
RNAi knockdown of PLK1
To further understand the functions of these differentially expressed genes in Artemia, RNAi was used to knock down the expression of genes such as ArHsp22, dur-1 (dauer up-regulated family member 1) and PLK1. No significant morphological changes were observed in the diapause cysts of Artemia when the expression of ArHsp22 and dur-1 was knocked down (results not shown). However, knockdown of the expression of PLK1 (approx. 63% knockdown) in oocytes of ovoviviparous Artemia led to the production of white embryos rather than free-swimming nauplii (Figure 3 ). This finding further supports the premise that down-regulated expression of PLK1 in diapause-destined oocytes of Artemia may contribute to the developmental arrest of diapause embryos.
In summary, we used a novel subtractive hybridization approach, DNSH, to study the differential transcript profiles in A. parthenogenetica diapause-destined oocytes relative to naupliidestined oocytes at the filled oviduct stage. Many genes, including several known diapause-specific genes (e.g. ArHsp22 and . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . chitin-binding proteins), were found to be differentially expressed between diapause-and nauplii-destined oocytes. Our results suggest that the development modes of A. parthenogenetica embryos may be predestined in oocytes. Figure S1 Thermostability of DSN DSN (0.001 unit) was incubated at 90
• C for 0-120 s in 10 μl of 1 × DSN buffer with or without additives. The DSN was then mixed with 2 μg of DNA dissolved in 1× DSN buffer and allowed to react at 65
• C for 30 min. The reaction mixture was then subjected to agarose electrophoresis. 1 To whom correspondence should be addressed (email w_jyang@cls.zju.edu.cn). 
Figure S3 Efficiency of DNSH
To generate ADEG (artificial differentially expressed genes), four RNA transcripts from Lambda phage DNA were transcribed in vitro by SP6 RNA polymerase, mixed together and then added to the total RNA of ovary from Portunus trituberculatus. After reverse transcription, the cDNAs from ADEG-containing RNA were mixed with 30-fold ovary RNAs. The mixture was then subjected to DSN-mediated normalization and subtraction. The final products were analysed by agarose-gel electrophoresis (A) and Southern hybridization (B). Detailed information about the procedure is available on request. 
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Reproductive modes determine in Artemia oocytes
Figure S5
Repetitive sequences in genomic DNA of p26, zinc-finger protein and polyubiquitin The GenBank ® accession numbers are p26 (DQ310575), Af-Zic (AB231878) and polyubiquitin (X74405). A great diversity of transposable element-encoding cDNAs (17 cDNAs representing 19 clones) were isolated from the subtracted library (Supplementary Table S3 ). Expression analysis of three genes showed that two, transposase (clone 2E4) and endonuclease and reverse transcriptase-like protein (clone 3C6), were significantly down-regulated in diapause-destined oocytes (Table 3 in the main paper). Of equal interest is that 12 cDNAs (15 clones) matched at least one of the genomic DNA sequences of A. franciscana small heat-shock protein p26 (GenBank ® accession number DQ310575), the zinc finger protein Af-Zic (GenBank ® accession number AB231878) and polyubiquitin (GenBank ® accession number X74405) by the Blastn search. These cDNAs are potentially from non-protein encoding RNAs, as the Blastx search found no similarity. Further analysis demonstrated that the matched regions are inverted repeats or possibly directed repeats. Some of these cDNAs are proposed to be the precursors of piRNA, a class of small RNAs that act through RNAi pathways to regulate gene expression and suppress the spread of transposable elements [1] . Moreover, the p26, Af-Zic and polyubiquitin genomic DNAs shared the inverted repeats found in the cDNAs with which clones 5A10 and 7H1 matched, and some of the repeated sequences were located in the intron regions. It is possible that the expression of p26, Af-Zic and polyubiquitin is regulated by transposable elements, as multiple repeated sequences were found in their genomic DNA. 
